Abstract. Nuclear data needs can play an important role for innovative nuclear systems. However, in order to establish priority items, a systematic sensitivity/uncertainty analysis must be performed. Same selected examples will be discussed in this paper.
INTRODUCTION
The objective of this paper is to identify the nuclear data challenges that nuclear systems and technologies currently under development will raise.
An ambitious objective for current plants might be the increase of the average fuel discharge burnup, maybe up to 100,000 MWd/mt. This would require that fuel enrichment be increased beyond the current 5% limit. While new cross sections would probably not be needed, it might become necessary to validate and increase the accuracy of existing data for these new applications. This will involve criticality safety issues and possibly the need to better determine the composition of spent fuel.
Future reactors, such as ALWRs, will first be extrapolations of current design and as long as they are used in a once through mode, will not require new data.
The following generation of reactors, such as the cogeneration Very High Temperature Reactor (VHTR) needs to be seriously reviewed as far as nuclear data and computational methods are concerned: it is not at all clear that the current ad hoc approach will be sufficiently rigorous for guaranteeing computational results of very high quality and to minimize margins for design.
Other reactor types, like GCFRs or Lead Cooled FRs, can introduce the need for improved data related to new materials (e.g., fuel matrices, reflectors, coolant etc.).
The most demanding challenges will occur in the following phase, when closure of the fuel cycle occurs, either in thermal or fast reactors, and potentially making use of accelerator driven systems. The paper will focus on selected examples for different areas of interest, i.e., high burn-ups, new materials for GFR, and fuel cycle parameters of relevance for repository performance and fuel fabrication assessment.
LWRS AND EXTENDED BURN-UP
The extension of the burn-up in a standard UOX-LWR, e.g., from 50 GWd/t to 100 GWd/t, will have an impact on the expected compositions at discharge, shown in Table 1 . In particular, there is an increase of the U-235 enrichment, a higher burning rate of the built-up Pu, and the Pu vector will change (e.g., a higher Pu-242 content is expected). Since most of the potential uncertainties on the reactor performance and on fuel cycle issues should come from the higher Pu isotope data, we have performed a few selected sensitivity/uncertainty analyses on the 50 GWd/t case, to enhance the Pu isotope contribution.
Data Uncertainties and Fuel Cycle Issues
In order to identify potential problems, we have performed first a sensitivity analysis on the build-up of several significant isotopes in UOX fuel irradiated in a standard PWR up to 50GWd/ton.
We have selected the following isotopes for a sensitivity/uncertainty analysis: Np237, Pu238, Pu239, Pu240, Pu241, Pu242, Am241, Am243 and Cm244. Sensitivities of the variation of their nuclear densities between t=0 and discharge, were calculated, and were successively folded with estimated one-group uncertainties for all cross-sections and isotopes of the nuclei evolution matrix. Since systematic uncertainty assessment are missing in current evaluated data files, in particular in a form adapted to user needs, we tried to extract realistic uncertainty values from the analysis of irradiated fuels. We have taken the results of three recent independent studies [1, 2, 3] on LWR spent fuel (both UOX, up to ~70 GWd/t, and MOX, up to ~45 GWd/t). These studies are based on different nuclear data evaluations/libraries (ENDF/B, ORIGEN-2, JEF). However, their indications are often consistent, and provide suggestions (e.g., by the use of statistical data adjustments) for nuclear data library changes which will result in C/E improvements and reduced residual uncertainties. As far as experimental uncertainties, they are documented, and, in general, they are relatively low (<10%). In this way one can extract from these studies trends and realistic levels of uncertainties for capture cross section of most Pu, U and MA isotopes and, in some case, (n,2n) and fission cross-sections. In view of these trends and indications, we have defined the uncertainty values of Table 2 and we have obtained uncertainty estimations on the build-up of the different isotopes (see Table 3 ).
The uncertainties on the U236 (n,γ), U238 (n,2n), Am243 (n,γ) and, to a lesser extent, Am241 (n,γ) dominate the overall assessment on the isotope buildup. The uncertainties on these data should be carefully assessed as a priority, since they will affect also higher burn-up data. After that assessment, and a consolidation of the uncertainty values summarized in Table 2 , new potential high priority measurements (both differential and integral) could be indicated.
Next, the following cases were considered: a) the irradiated fuel decay heat value after 100 years storage and the integrated value between 100 and 1500 years storage, b) the neutron source (at t=2 years after fuel unloading), c) the radiotoxicity in the repository (at t =10 4 years after fuel unloading). The uncertainty on the decay heat of a standard UOX-PWR fuel is a significant value for safety, and has been widely studied in the past. At short cooling times, the decay heat is dominated by the beta and gamma decay of fission products. At longer cooling times (e.g., 100 years or more), the alpha decay of actinides becomes predominant. Uncertainties on these isotopes are less crucial for the safety case, and have been assessed in less detail. In the context of nuclear waste disposal however, the long cooling time values are an issue, which justifies the present analysis.
Moreover, in the case of the neutron source, little systematic uncertainty analysis has been performed in the past.
The contributions, in percent by each isotope, to the different parameters are given in Table 4 . Table 5 gives the calculated uncertainties, obtained by folding sensitivity values (calculated with the NUTS code [4] ) with the one-group cross-section uncertainties of Table 2 . Only neutron cross-section effects have been considered.
The total uncertainty values (estimated as the quadratic combination of individual uncertainties) are of the order of < 10% for the decay heat, ± 5% for the radiotoxicity, and ± 17% for the neutron source. Besides U238 and Pu239, which contribute to the decay heat uncertainty, Pu241, Pu242 and Am243 (the major source of uncertainty in the case of the neutron source) capture cross-section uncertainties give significant contributions.
However, a first inspection of the overall uncertainty effects do not indicate areas where the nominal values calculated with current data might be affected in such a way that current assessments on the fuel cycle are unreliable.
Reactor Performances
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NEAR TERM GEN-IV SYSTEMS
To gain a preliminary insight on potential requirements related to a very high burn-up gas-cooled reactor (VHTR [5] ), calculated values for the BOL and EOL (corresponding to 120 GWd/t) K eff were considered.
The sensitivities of K eff to the main actinides were calculated and folded with the uncertainty values of Table 2 . Results are shown in Table 7 . As expected, the uncertainties on K eff are now dominated by the Pu239, Pu241 and U235 σ f uncertainties. The higher potential uncertainty at EOL is essentially related to the uncertainty in Pu isotope data. The hardening of the spectrum at EOL underscores the impact of Pu240 capture data in the epithermal region.
Finally, thermalization effects in VHTRs, usually treated in lattice codes by means of standard scattering law data S(α, β, T), can give rise to uncertainties, related to the specific hypothesis used for the frequency distributions ρ(ω). A recent study [6] has indicated relatively small effects for graphite-moderated systems, both for infinite multiplication factors and, consequently, for moderator temperature coefficients of reactivity. However, these preliminary conclusions should be validated in a wider range of temperatures, and certainly for moderators other than graphite.
Recently, a benchmark exercise [7] has underscored the need to systematically use S(α,β,T) thermal scattering law models instead of a free atom model. This result is important but it is not surprising, since this is the standard approach taken in most modern analysis. Moreover, the orders of magnitude of the effects shown in [7] are somewhat exaggerated by the type of configurations for which the comparison was made.
Finally, "ab initio" methods for the generation of thermal neutron scattering cross-sections (i.e., based on quantum mechanical first principles) have been suggested [8] and should be further explored. 
CLOSED CYCLE FAST REACTORS CONCEPTS WITH FULL TRU RECYCLING
Three out of the six concepts selected for Gen-IV do foresee the full TRU recycling in Fast Reactors in order to meet the requirement for waste minimization.
As an example of data uncertainty impact and required accuracies, the extreme case of a U-free, PuMa based fuel, loaded in a fast-spectrum dedicated transmuter, was studied in detail in [9] . To meet reasonable design target accuracies, the required uncertainties on MA and higher Pu isotope data were found to be of the same order of magnitude of the uncertainties presently achieved on major actinides, and in some selected cases, beyond the present state of the art (see [9] ). Another paper presented at this conference also gives preliminary indications of the impact of data uncertainties on the maximum allowable MA content in Gen-IV fast reactors with different coolants [10] .
Integral experiments (both critical experiments and irradiated fuel/isotope experiments) provide essential information, and the impact of using them in order to reduce uncertainties, is illustrated in [11] .
In what follows, some new specific cases are treated.
Reactor Performances: The Presence of "New" Materials in the Core
Some of the proposed concepts can in principle be based on innovative fuel forms that could imply the loading in the core of materials not yet widely used (e.g., Zr and Si in GFR with particle fuels) or new coolants, like Pb or Pb/Bi eutectic.
As an example, we have considered the potential impact of nuclear data uncertainties on reflector effects in GFRs.
Different designs [12] have been considered. The first GFR design, GFR-1, utilizes a CERCER fuel that is a mixture (50%-50%) of a ceramic matrix material SiC and a ceramic carbide fuel. In the core structures are 10%, coolant (He) 40%, and fuel 50% by volume. The reflector is Zr 3 Si 2 . For design 2 (GFR-2), which is a variant of GFR-1, the CERCER fuel is used, but in comparison with design 1, the proportion of the materials in the core region is different: structure (10%), coolant (55%) and fuel (35%), with the proportion of fuel to matrix of 70/30%. Design 3 (GFR-3) employs a metal fuel that is a mixture of a metal matrix material Zr and heavy metal/Zr alloy fuel. The coolant is supercritical CO 2 and the structural material is Zr.
Reflector effects are mainly related to the elastic cross-sections of reflector materials. The impact of data uncertainties can be visualized by looking to the elastic cross-section sensitivities of K eff . If we take the case of Zr, in Fig. 1 we show the sensitivities by energy group of K eff to the σ el of Zr in the reflector for the three cases considered. These sensitivities, mainly related to highenergy (i.e., > 100 keV) data, when folded with a ± 20% uncertainty value for σ el (justified by the present spread among different data files), give rise to significant uncertainty values for K eff :
GFR-1 : ~ ± 500 pcm GFR-2 :
~ ± 800 pcm GFR-3 :
~ ± 250 pcm The larger effects shown for GFR-2 are related to its more compact (i.e., lower core height and radius) configuration. It is worthwhile to note that, in the case of GFR-3, Zr is present both in the core and in the reflector. Figure 2 shows the sensitivity profile of the Zr σ el both in the core and in the reflector. The sensitivity values in the core are higher and mostly of opposite sign (negative) with respect to the corresponding values in the reflector (positive). The difference in sign is explained by the fact that, e.g., an increase of the σ el in the reflector allows a more effective slowing-down of the neutrons, which will then be available to further contribute to the fissions in the core. On the contrary, an increase of the σ el in the core brings neutrons in a lower importance energy region. If the ± 20% uncertainty value for the Zr σ el is applied, the resulting uncertainty on the K eff is ~ ± 1000 pcm. As a final remark, the Si σ el sensitivities are smaller (by a factor ~ 3) with respect to those of Zr. However, the impact of the related uncertainties can still be not negligible.
It is clear that validation integral experiments will be very valuable to assess design uncertainties.
As far as lead-alloy cooled FRs, previous studies [13] have shown potential significant uncertainties due to Pb and Bi data variations among data files, e.g., up to 2 to 3% ∆K/K. However recent measurement and reevaluation work at LANL has the potential of reducing these uncertainties to more acceptable values. However, a validation against available integral experiments should be performed in order to consolidate the assessment.
Fuel Cycle Issues: A Fast Spectrum Transmuter Composition at Equilibrium
The case of a Na-cooled fast neutron burner [14] has been considered. In this case, only the residual power at 100 years has been examined. For this parameter, we show in Table 8 the contribution, in percent, from each isotope. In Table 9 the calculated uncertainties are shown.
Here again as in the case of a UOX-PWR irradiated fuel a relatively manageable uncertainty is shown, which, moreover, probably represents an upper limit, in view of the previous discussion on the realistic level of data uncertainties.
Similar results have been obtained in the case of the irradiated U-free fuel for a dedicated transmuter [9] . 
CONCLUSIONS
In the present paper we have examined a few examples of relevant parameters for nuclear systems under development and of the potential impact of nuclear data uncertainties. The main outcome of the present work (confirmed by companion papers at this conference [9, 10] ) is that new challenges can be pointed out and quantified on scientific basis, only if appropriate sensitivity/uncertainty analyses are performed. The theoretical frame is well established, and the associated codes are available. However, as it has been pointed out in this work, the data uncertainty values should be urgently assessed, taking into account the performance of the different nuclear data files in the analysis of high accuracy integral experiments. Already at the present stage, some outstanding issues of general interest for Gen-IV systems can be pointed out: U238 (n,2n), U236 capture, and Am243 and Am241 capture in the epithermal energy range. For some items (first resonances of Pu239, Pu240 and Pu242), an international task force should consolidate the agreement for the recently proposed values. For some selected cross-sections, like the σ el of Zr, recently reevaluated in the frame of ENDF/B project, a realistic uncertainty value should be assessed. Finally, the results of the present paper indicate that relevant fuel cycle quantities, related to repository performances or to fuel fabrication issues, are affected by uncertainties due to nuclear data, which, even in the case of pessimistic uncertainty values, do not seem to put into question overall performance/ limitation assessment.
